S. (n.d.). Antiarrhythmic effects of stimulating the left dorsal branch of the thoracic nerve in a canine model of paroxysmal atrial tachyarrhythmias. Abstract 1 Background. Stellate ganglion nerve activity (SGNA) precedes paroxysmal atrial 2 tachyarrhythmias (PAT) episodes in dogs with intermittent high rate left atrium (LA) pacing. The 3 left dorsal branch of thoracic nerve (LDTN) contains sympathetic nerves originating from the 4 stellate ganglia.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
3 Skin is highly innervated by sympathetic nerves. 1, 2 In dogs, postganglionic sympathetic nerve 1 fibers of the neck and thorax originate primarily from the stellate ganglia (SG). 3 Our recent 2 studies have shown that subcutaneous nerve activity (ScNA) and superficial skin sympathetic 3 nerve activity (SKNA) closely correlate with the stellate ganglion nerve activity (SGNA) in dogs. 2, 4 4, 5 The SKNA can also be used to estimate sympathetic tone in humans and is elevated before 5 the onset of atrial and ventricular tachyarrhythmias. 6, 7 These findings suggest a direct electrical 6 connection between the thoracic subcutaneous nerves and the SG, which in turn controls 7 cardiac arrhythmogenesis. In the central nervous system, prolonged electrical stimulation of the 8 perforant pathway in the rat evokes epileptiform discharges in dentate granule cells and 9 irreversibly damages hilar neurons. 8 The histological findings, including dendritic and somal 10 degenerative changes, closely resemble the "excitotoxic" type of damage that the putative 11 transmitters glutamate and aspartate are known to cause. 9 Because there is a direct connection 12 between thoracic subcutaneous sympathetic nerves and the SG, it is possible that rapid and 13 long term electrical stimulation of these nerves can cause SG damage and reduce sympathetic 14 outflow to the heart. Our recent study confirmed that subcutaneous nerve stimulation (ScNS) at 
3
The animal protocol was approved by the Institutional Animal Care and Use Committee.
4
Detailed Methods were included in an online supplement. The study protocols were summarized 5 in Figure 1 . At the end of the study, both SG of all dogs were fixed and processed routinely for 6 immunohistochemical staining for tyrosine hydroxylase (TH). Terminal deoxynucleotidyl 7 transferase dUTP nick end labeling (TUNEL) assay was performed to probe cell death. The 8 signals were manually analyzed using custom-written software to determine the temporal 9 relationship between nerve activities and heart rate changes. In addition, we also compared the 10 number of PAT episodes over 24 hours between baseline and different time points of the 11 experiment. PAT was defined as an abrupt (>50 bpm/s) increase in the atrial rate to >200 bpm 12 that persisted for at least 5 s. 12 The data were reported as mean ± Standard deviation (SD) Figure 2B shows 1 that after 2 weeks of 3.5 mA stimulation, there was a significant reduction of SGNA as compared 2 with baseline, but there was still clear evidence of interaction between the electrical activities of 3 these two structures. These examples also show activation of VNA during LDTN stimulation, 4 coincidental with the occurrence of bradycardia, along with reduced HR variability during sinus 5 rhythm ( Figure 2B ) and during persistent AF ( Figure 2C and D). For all dogs studied, LDTN 6 stimulation reduced the average SGNA (aSGNA) from 4.36 µV [95% CI, 4.10 to 4.62] at 7 baseline to 3.28 µV [95% CI, 3.02 to 3.54] at one week (P = 0.027), and then to 3.22 µV [95% 8 CI, 3.04 to 3.40] at 2 weeks (P = 0.028).
10
In the final week of study, immediately prior to tissue harvest, the mean aSGNA was 3.20 µV 11 [95% CI, 3.00 to 3.38, P = 0.028 compared with baseline] ( Figure 3A ). However, LDTN 12 stimulation did not significantly change the average VNA (aVNA) or average ScNA (aScNA) as 13 compared with baseline ( Figure 3B , 3C, respectively). Figure 3D Figure 5A ). The overall mean 9 percentage of the TH negative ganglion cells was 16.15% [95% CI, 14.20 to 18.10] in LSG and 10 11.58% [95% CI, 10.27 to 12.88] in RSG. In comparison, the normal SG were expected to have 11 only 4.9% ± 0.7% of TH-negative cells. 14 Figure 5A -c and 5A-d show high power views of 12 normal and damaged regions, respectively. In the damaged regions ( Figure 5A-d) , the ganglion 13 cells appeared small, had pyknotic nuclei and stained negatively or weakly for TH. Tissue 14 sections from the same specimens were then double stained for TH and TUNEL. As shown in 15 confocal immunofluorescent images in Figure 5B , the mean percentage of TUNEL-positive 16 ganglion cells was 23.36% [95% CI 18.74 to 27.98] in LSG. TUNEL positive ganglion cells were 17 found in all RSG specimens, with the mean percentage of 11.15% [95% CI 9.34 to 12.96].
19
Protocol 2: The effect of LDTN stimulation in dogs without rapid atrial pacing 20 Effects LDTN stimulation on SGNA
21
We selected the data window in which SGNA was quiescent to examine the effects of LDTN 22 stimulation on SGNA ( Figure 6 ). There was no SGNA response to 0.5 mA stimulus. Increasing CI, 3.71 to 4.40] to 3.31 μV [95% CI, 2.98 to 3.65] after the first week of 3.5 mA LDTN 6 stimulation, and then to 3.21 μV [95% CI, 2.90 to 3.5] after 2 weeks of 3.5 mA LDTN stimulation 7 ( Figure 7A ). The mean HR reduced from 95 bpm [95% CI, 90 to 104 bpm] to 80 bpm [95% CI, 8 73 to 87] ( Figure 7D ). However, aVNA or aScNA did not show a significant change during 9 monitoring ( Figure 7B , 7C, respectively). Bilateral SG of these two dogs were available for analyses. All of them showed large areas of 13 damage visible at low magnification ( Figure 8A ). Within the left SG, 16.0% [95% CI, 6.72%-14 25.28%] were negative for TH (p=0.43 compared with Protocol 1). In the right SG, 9.27% [95%
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CI, 0%-19.49%] were negative for TH (p=0.19 compared with Protocol 1). The slides from the 16 same specimens were then double stained for TH and TUNEL. Confocal immunofluorescence 17 images ( Figure 8B , 8C) showed that abundant TUNEL positive ganglion cells (green) were 18 present in both specimens. In addition, small non-ganglion cells were also found to be TUNEL 19 positive in the same region. We found that LDTN stimulation can cause SG damage similar to that induced by stimulating 2 Xinshu acupoint and left lateral thoracic nerve. 10 A second finding is that LDTN suppresses PAT 3 in a canine model of intermittent rapid atrial pacing known to be associated with increased PAT 4 episodes. 12 With the same pacing protocol and methods of analyses, no PATs were observed 5 after LDTN stimulation in the same model. Preliminary studies from our laboratory showed that subcutaneous nerve stimulation at two 11 different thoracic sites can damage the stellate ganglion (SG) and reduce stellate ganglion 12 nerve activity (SGNA) in normal ambulatory dogs. 10 The two sites used in the latter study were 13 the subcutaneous nerves at the 5 th intercostal space (Xinshu acupoint) and the left lateral 14 thoracic nerve. Both structures contain sympathetic nerve fibers. Stimulating these nerves 15 cause SG damage. The present study used LDTN at the third intercostal space and showed 16 similar damaging effects on the SG. These findings further support the conclusion that 17 stimulating any sympathetic nerves that originate from the SG may cause SG damage.
18
However, there was no aScNA reduction at these stimulating sites. The narrowly spaced bipolar complications. We propose that the LDTN has a significant potential in treating patients with 17 arrhythmias.
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Limitations of the study 20
We did not include control groups in this study. However, we have previously performed rapid 21 intermittent atrial pacing in 13 dogs and showed the successful induction of frequent 22 spontaneous PATs. 11, 12 Those dogs serve as the positive control for the present study. In addition,
23
our previous studies showed that SGNA was stable over time in dogs without ScNA. 10, 32 indicates that the output current was increased gradually from 0.5 mA to 3.5 mA in 2 weeks.
6
After 2 weeks 3.5mA stimulation, high rate (10 Hz) left atrial pacing was given for 6 days, 
5
However, these were not counted as PAT episodes because the rate was <200 bpm and the 6 onset was not abrupt (< 50 bpm). 
